Abstract Plant traits associated with resource acquisition strategies (specific leaf area (SLA), leaf dry matter content (LDMC), leaf size and plant height) change along gradients of soil properties, being the most conservative in a resource-poor environment and the most dynamic in a resource-rich environment. Clonal attributes also vary along soil and other environmental conditions. We hypothesized that in alpine communities in the Scandian Mts. (1) the average composition of traits in a plant assemblage in terms of i) the predominance of different clonal growth organ types, ii) the number of buds in the bud bank, iii) the distribution of the bud-bank (above-and below ground), iv) the distance of lateral spread and v) the longevity of plant -offspring connections would change along a gradient of soil properties and (2) that this variation would be in correspondence with that of traits associated with resource acquisition strategies (SLA, LDMC, leaf size and plant height). Analysis of clonal and bud bank traits for species of alpine communities supported our first hypothesis: with decreasing soil quality the most common clonal growth organs were rhizomes, and there was a predominance of perennial bud banks located at the soil surface or below-ground, low rates of lateral spread and long persistence of plant -offspring connections. Our second hypothesis was partly supported. As predicted, at the level of the plant assemblage, these clonal and bud bank traits were positively associated with LDMC, and negatively with leaf size and plant height. These observations reinforce the hypotheses about trade-offs between acquisition and retention strategies in plants. The only result that was in contradiction with our expectations was the lack of correspondence between clonal and bud bank traits and SLA that could be attributed to errors associated to Folia Geobot (2011) 46:237-254 DOI 10.1007 
Introduction
In the past decade, a comprehensive work on eco-physiological attributes of plants has identified a series of functional traits, i.e., attributes that are related to plant responses to environmental factors and that have an effect on functions of ecosystems and biomes (conf. Cornelissen et al. 2003) . Some of these traits are fair predictors of plant performance (Kazakou et al. 2006) , competitive ability (Grime et al. 1997 ) and tolerance to environmental harshness (Wright and Westoby 1999) . There is also the understanding that these traits correspond to adaptations of plants along gradients of resource availability, and that are related to acquisition and retention strategies (Grime et al. 1997) . Numerous studies have concentrated on leaf traits, such as specific leaf area (SLA), leaf dry matter content (LDMC) and leaf area (e.g., Reich et al. 1992 Reich et al. , 1999 Ryser and Urbas 2000) , and substantial evidence at the level of species supports a correspondence between these traits and the level of resource availability. Under favorable conditions for growth, plants have strategies that allow high rates of resource-acquisition and growth, which are in turn associated with high SLA and leaf area, and low LDMC.
There is also evidence of a correspondence between levels of resource availability and traits that are related to clonal growth and vegetative regeneration (e.g., Sammul et al. 2003) , but these relationships have been less examined (Klimešová and de Bello 2009) . Clonal growth forms are distributed unevenly along environmental gradients, and the patterns observed appear to be irrespective of the species phylogeny, which provides a basis for further extending functional theories to explain trait-environment relationships (van Groenendael et al. 1996) . For example, stem-derived clonal structures seem to be more common under nutrient-rich conditions and under low-light intensities than structures derived from roots, as are the capacity to spread and the short longevity of the connection between the parent plant and the vegetative off-spring (van Groenendael et al. 1996) . There is also evidence that the tendency of increasing vegetative spread and early splitting of ramet systems is more frequent under nutrient-rich, shaded (van Groenendael et al. 1996; Sammul et al. 2003 ) and more mesic conditions (Halassy et al. 2005) , whereas structures of tightly packed and/or integrated ramets occur more commonly under nutrient-poor (van Groenendael et al. 1996; Jónsdóttir and Watson 1997) and dry conditions (Halassy et al. 2005; Klimeš 2008 ).
The bud bank, i.e., the population of dormant meristems (Harper 1977) , is an important determinant of the capacity of a plant to re-sprout in seasonal climates and after disturbance (Klimešová and Klimeš 2007) . However, also in this case, it appears to be the interplay between plant traits and the abiotic environment that determines the potential role of below-ground bud banks. Across a regional gradient, the abundance of bud banks increased with average annual precipitation (de Bello et al. 2005; Dalgleish and Hartnett 2006) and there are indications that the meristem limitation can represent an important constraint for plant growth responses to environmental variability.
Traits that show a correspondence with the capacity of the plant to take up resources and grow have a linkage to the strategies of plants to re-sprout and restore tissues (Bellingham and Sparrow 2000) . The expression of these relationships results from an interaction with the level of resource availability (Ferraro and Oesterheld 2002; Wise and Abrahamson 2005) . For example, high tissue turnover and resource acquisition rates are important strategies for plants with high growth rates (del-Val and Crawley 2005) and occurring at high resource availability (Grime et al. 1997) .
This study deals with two main questions. First, it addresses the hypothesis that there is a correspondence between the distribution of plant clonal and bud bank traits and a gradient determined by soil properties at a local scale in alpine communities in the Scandian mountains. In accordance with current notions, we hypothesized that the average composition of traits in a plant assemblage in terms of: i) the predominance of different clonal growth organ types, ii) the number of buds in the bud bank and iii) its readiness to be activated (i.e., meristems on shoots and distributed above ground or close to the soil surface), iv) the distance of lateral spread, would increase and v) the longevity of plant -offspring connections would decrease with better soil conditions. Second, following the predictions about plant functional specializations along resource availability gradients we hypothesized a correspondence between the average composition of traits generally associated with high relative growth rates (SLA, LDMC, leaf size) and competitive ability (plant height) (Grime et al. 1997 ) and the composition of clonal and bud bank traits (van Groenendael et al. 1996; Halassy et al. 2005 ).
Methods

Study Area
The study was conducted in an area of ca. 200 km 2 in the alpine zone, i.e., above the treeline, between 900-1,100 m a.s.l. in the central Scandian mountains (UTM coordinates: Map datum WGS 84, Zone 32 V, P 07600, Q 51300 for Berghøgda and P 04600, Q 636960 for Båttjønndalen). Mean annual temperature (Berkåk, Norwegian Meteorological Institute, corrected for height differences (-0. C as mean temperature of the warmest month (July) and coldest month (January), respectively. Precipitation is evenly distributed throughout the year, with a yearly average of 750 mm .
The area is dominated by lichen heath (Cladonia spp., Cetraria spp., ca. 80% cover). Other heath formations with dominance of shrubs (Betula nana, Empetrum nigrum subsp. hermaphroditum and Vaccinium myrtillus) cover ca. 10% of the area, and snow-beds, alpine meadows and willow thickets cover approximately 8% of the area (Rusch et al. 2003) . This study was confined to snow-beds, dominated by Salix herbaceae, and alpine meadows, dominated by graminoids and forbs (i.e. Deschampsia cespitosa, Avenella flexuosa, Carex bigelowii, Alchemilla alpina, Viola biflora and Omalotheca supina).
Study Sites
Data on vegetation and soil properties were collected in 16 sites located on snow-bed communities and meadows, and distributed in the two areas, Berghøgda (nine sites) and Båttjønndalen (seven sites). In terms of topography and landscape forms, altitude and land-use, the two areas are representative of the central region of Sør-Trøndelag. They were selected through inspection of topographic maps and in cooperation with the local farmers to perform a series of long-term studies. There were a priori no indications of differences between the areas. Distances between sites within an area ranged between 65 and 1,489 m and in both areas, sites were located within a similar altitudinal range. A 50 × 50 m sampling site was demarcated and sub-divided into a grid of 5 × 5 m plots, which were the units for the vegetation composition records. The line of plots along the borders was left as a buffer area and 64 plots were included in the site analyses except for Berg 4 (63 plots), Berg 6 (33 plots) and Bat 9 (100 plots).
Site species composition was determined through visual estimates of the cover of vascular plant species in the 5 × 5 m plots and averaged for the site. Unidentified species had in all occasions <1% of the site cover except once (1.6% Carex spp. (C. bigelowii or C. nigra)). Species considered as species sections were Hieracium alpinum coll. and Taraxacum croceum coll. A total of 111 species were included in the dataset (Appendix 1).
Site Soil Properties
Soil physical and chemical properties were assessed from 10 topsoil (0-5 cm) samples per site taken with a 22-mm diameter soil corer and lumped into one composite sample per site. The analyses were conducted at "Laboratoire d'Analyses des Sols" of the National Institute for Agronomic Research (INRA, 62000 Arras, France) using French standards (Afnor 1994) according to the following protocols: pH was measured in a water-filtrate suspension with a mass-to-volume ratio of 1:2.5 (NF ISO 10390). Organic C content was determined by oxidation with potassium dichromate and sulphuric acid (NF ISO 14235). Total organic nitrogen content was determined by the Kjeldahl method (NF ISO 11261). Total soil P content was determined by ICP following calcination at 450°C and wet-digestion by HF and HClO -4 of soil (NF X 31-147): P concentrations were measured by ICP. Cation Exchange Capacity (C.E.C.) was determined using the cobaltihexamine method (Orsini and Rémy 1976) . The plant available P was determined using the Olsen procedure (Olsen et al. 1954 ) and soil texture using granulometric analysis of five fractions without decarbonation.
Species Traits
Plant trait data were retrieved from the CLO-PLA3 database (Klimešová and Klimeš 2006 ) for a total of 111 species occurring in field layer vegetation.
Species in the shrub layer belonging to the genera Salix spp. and Juniperus communis were not part of the analysis because there were no clonality data for these species. For 70 species, records in CLO-PLA3 were from our own collections in the study area conducted in 2003. For 36 species we retrieved records in CLO-PLA3 selecting those that corresponded to the most similar habitat when more than one record was available. For the remaining six species, clonal traits were derived from detailed illustrations in the Norwegian flora (Nordhagen 1979) . A total of 43 traits class-attribute combinations were included in the study (see Table 1 for a description).
Plant Assemblage Average Trait Composition
Two matrices were constructed; a matrix of site by species abundance data and a matrix of species by trait attribute data. The trait classifications and their attributes used in the analyses are listed in Table 1 . Species abundances were standardized; the summed cover of vascular plants for each site was 100%. The site by species abundance matrix was multiplied with the species by trait attribute matrix, and the site average trait composition was calculated (cf. Pakeman 2004) according to the equation:
Average trait value for site j = Σ (c i * t i ) / C j Where C j = Σ c i c i = the average cover of species i in site j t i = the presence/absence (1,0) of the nominal trait class for species i.
For species with more than one attribute within a trait class, each trait was weighted independently with the species cover. For example, Campanula rotundifolia had three types of CGO, epigeogenous stems, adventitious buds on roots and hypogeneous stems. Each type was weighted by the cover of C. rotundifolia in each plot.
Environmental Data
We conducted a principal component analysis (PCA) to determine the main patterns of the soil's physical and chemical property variation in the sites (Fig. 1a) . Soil-PCA axis I explained ca 75% of the variance (eigenvalues of 0.774 and 0.177 for axis I and II, respectively) and was related to the composition of soil fractions and nutrients. Soil-PCA axis I corresponded to a gradient of increasing environmental harshness. Low scores on axis I corresponded to higher levels of fine soil particle fractions, lower C/N ratio, higher content of CaCO 3 , and exchangeable Ca and Mn. High scores on axis II were related to high organic matter and organic N and P. Because the Soil-PCA axis I explained most of the variation in soil properties among plots and the eigenvalue of axis II was relatively small as compared to axis I, we focused further analyses on Soil-PCA axis I, which we interpreted as a complex gradient of soil texture and chemistry that can be related to the availability of nutrients for plants. Table 1 Trait classes and their attributes used in the trait-wise ordinations. CGO -Type of clonal growth organ, according to the position of the organ (above-, at-and below the soil surface), and their origin (stem, root or leaf); necessary -plants that require the CGO for survival or, additive -plants where CGOs can be initiated by the conditions in the environment. Bud bank -position of the buds (Layer: 0 = at soil surface, >0 above ground and <0 below ground), number of buds, and life cycle type -whether the bud bank has seasonal fluctuations (seasonal) or if buds are kept dormant (perennial). Integration -persistence of connection between parent and offspring shoots: 1 year (first season), 1-2 years, >2 years; and lateral spread -distance covered by lateral spreads in one year, in meters (CLO-PLA3, Klimešová and Klimeš 2006 
Statistical Analysis
We extracted three principal components of variation among sites in terms of the composition of i) clonal growth organs (CGO), ii) the bud bank and iii) traits related to "spread potential", namely lateral spread and the persistence of connections between plant and offspring ( Table 1 ) by conducting three PCA ordinations based on the average trait composition in each site. Bud bank site averages were square root transformed after the inspection of a preliminary set of results showing a considerable improvement of the explanatory power of the PCA axes with the transformation. The analyses were conducted in CANOCO 4.5 (ter Braak and Šmilauer 2002) and ordination diagrams were produced with the CanoDraw module in the package. To examine the relationships between persistence traits and traits related to relative growth rate and competitive ability, the site scores along axis I in the CGO-, bud bankand lateral spread-PCAs were regressed on the site aggregated traits (SLA, LDMC, leaf size and plant height calculated in Rusch et al. 2009 ). The type of the response, R 2 values and ANOVA tests of probabilities of significance were calculated with the regression curve-fit routine in SPSS v. 15.0 package for Windows.
Results
Clonal Growth Organs
All species in the data set (112) except one, Euphrasia wettsteinii (an annual species) have some potential for clonal reproduction. CGO-PCA axes I and II explained 95.8% of the variation in the CGO composition of the sites (eigenvalues=0.877 and 0.081 for axis I and II, respectively) (Fig. 1b) . In sites with high scores on CGO-PCA-I there was a predominance of rhizomes (both epigenous and hypogenous stems), whereas low scores were associated with a variety of clonal organs (root tubers, bulbs and stem tubers). Scores on CGO-PCA-I were significantly associated with the soil properties gradient (Soil-PCA-I) (Table 2) indicating that the distribution of CGOs in the sites was associated with site differences in soil properties.
In accordance with our hypotheses, we found a close correspondence between CGO-PCA axis I and LDMC, leaf size and plant height, but we found no significant association with SLA ( Fig. 2 and Table 2 ). Site average LDMC increased, and average leaf size and plant height decreased in sites with a predominance of belowground stems.
Bud Bank
Bud bank-PCA axes I and II explained 81.3% of the variation in the bud bank composition of the sites (eigenvalues=0.684 and 0.129 for axis I and II, respectively) (Fig. 1c) . Sites with low scores on the first axis had a predominance of seasonal bud banks, and the absence of buds at the soil surface and below ground. In contrast, sites with high scores on Bud bank-PCA-I had a predominance of perennial bud banks located at the soil surface, below-ground, and not higher than 10 cm. Scores on Bud bank-PCA-I were significantly associated with the soil properties gradient (Soil-PCA-I) (Table 2) indicating that the distribution of bud bank traits among sites was in part associated with the site's soil properties.
Also in the case of the bud bank, we found a close correspondence and in the directions predicted between Bud bank-PCA-I and site average LDMC, leaf size and plant height, but there was no significant association with average SLA (Fig. 2 and Table 2 ). Site average LDMC increased, and that of leaf size and plant height decreased with high Bud bank-PCA-I scores, which represented a gradient from seasonal to perennial bud banks.
Lateral Spread and Longevity of Plant-Offspring Integration
Integration-PCA axes I and II explained 98.5% of the variation in the composition of the traits lateral spread (one of three classes of lateral spread distance, in meters) and persistence of connection (1, 2 or >2 years) of the sites (eigenvalues=0.747 and 0.239 for axis I and II, respectively) (Fig. 1d) . Low scores on axis I corresponded with high rates of lateral spread and short persistence of plant-offspring connections. Scores on Integration-PCA-I were significantly associated with Soil-PCA-I (Table 2) indicating that also in this case, trait composition was associated with site differences in soil properties. b Fig. 1 Variable and site ordination diagrams on principal component (PCA) axis 1 and 2. Berg and Batsites in Berghøgda and Båttjønndalen areas, respectively. a Soil variables: Coar_san, Fine_sil, Coar_sil, Fine_san and Clay -percentage of coarse sand, fine silt, coarse silt, fine sand and clay, respectively; Exch_Fe, Exch_Al, Exch_Mg, Exch_Na, Exch_Mn and Exch_Ca -exchangable cations (cmol/kg); Orga_mat, Wate_con and WHC -percentage organic matter and water content, and water holding capacity; C, N and CaCO 3 -total carbon, nitrogen and calcium carbonate (in g/kg), respectively; P -total P (P205) (g/100 g); P_ -P (P205) by Olsen extraction (in ppm); C/N -Carbon:Nitrogen ratio. b, c and d 'Clonal growth organ' (CGO), 'bud bank' and 'integration' traits and attributes as described in Table 1 , respectively
We found a close correspondence between Integration-PCA axis I and LDMC, leaf size and plant height, but no significant association with SLA ( Fig. 2 and Table 2 ). Site average LDMC decreased, and average leaf size and plant height increased in sites with high average lateral spread rates and low persistence of plantoffspring connections. Average plant height alone, explained ca. 90% of the variance of the traits distribution.
We tested the robustness of the analyses in terms of the extent to which the results could be affected by the dominance of one species in the assemblage. Three sites had a cover by Salix herbacea higher than 60% and the sites were strongly related to Soil-and traits PCA ordinations. Therefore, we conducted soil and clonal persistence ordinations, and the regression analyses of clonal against resource acquisition and competitive ability traits excluding these sites and we found the same response patterns and comparable significance levels for all the analyses (data not shown).
Discussion
The clonal and bud bank traits examined in the study changed their attributes along a gradient of soil properties, in accordance to our first hypothesis and further, they correlated with traits related to nutrient acquisition strategies, in agreement with our second hypothesis. These results imply that even when not fully recognized so far, clonal and bud bank traits contribute to syndromes of plant strategies along gradients of resource availability. Fig. 2 Regression curves between site scores on trait principal component analyses (PCA) axis 1 and site average resource acquisition traits (as in Rusch et al. 2009 ). Clonal growth organ (CGO) and bud bank classes and attributes as in Table 1 . SLA -specific leaf area; LDMC -leaf dry matter content; leaf size -leaf area (including petioles); and plant height -mean plant height range in Mossberg et al. (1992) Most species in the alpine communities in this study are clonal, which is common for herbaceous vegetation over temperate Europe. Further, in the arctic and alpine vegetation the overrepresentation of clonal forms has been explained as a strategy of plants to cope with harsh environments where vegetative reproduction is a mechanism to compensate for low seedling recruitment (Callaghan et al. 1992) . It may also be the consequence of the dominance of small statured plants in this type of vegetation because clonal persistence appears to be a more widely spread strategy in plants of relatively small size (Aarssen 2008) .
However, despite the widespread occurrence of clonal growth forms it was possible to distinguish differences in site CGO composition and there was a recognizable pattern that had a correspondence with site soil properties. Sites with soils with fine fractions, high cation exchange capacity and low C:N ratio were associated with a higher diversity of CGO, including rooting horizontal stems, root tubers, stem tubers and bulbs. At the other end of the gradient, the dominant CGOs were hypogenous and epigenous rhizomes (i.e., below-ground stems originating either below-ground or in the above-ground and pulled below the soil surface by contracting roots), which have the potential for carbon storage. Perennial rhizomes have been found to be associated with nutrient-poor environments in other alpine areas and wetlands (Klimeš 2008; Sosnová et al. 2010) .
Clonal organs are important for the storage of nutrients (Chapin et al. 1990; Suzuki and Stuefer 1999; Derner and Briske 2001) . However, the role of clonal organs is not only limited to the plant's nutrient economy in poor environments. Although the trade-off between costs and benefits of storage and remobilization of reserves is still inadequately understood, the capacity to store carbon appears to be generally important for the persistence of plants under environmental stress (Klimeš et al. 1993; Callaghan et al. 1997 ) although high amounts of stored carbohydrates might simply reflect surplus of carbon that is not used for growth due to nutrient limitations (Chapin et al. 1990 ).
We could also distinguish a gradient from sites where there is a predominance of plants with the capacity of long lateral spread and short persistence of connection between plant and clonal offspring (splitters sensu van Groenendael et al. 1996 ; restrictive integrators sensu Jónsdóttir and Watson 1997) at one extreme to sites with short lateral spread and long lasting connections (non-splitters sensu van Groenendael et al. 1996 ; extensive integrators sensu Jónsdóttir and Watson 1997) at the other. This gradient had a significant correspondence with the soil properties gradient; where increasing importance of splitters was associated with more favourable conditions for plant growth. Further, the association of the splittersintegrators gradient with the one of soil properties was stronger than in the case of CGOs. These results confirm our hypotheses and are in agreement with predictions about the benefits of integration under stressful environments (Jónsdóttir and Watson 1997) and also with findings from other alpine regions. In the Himalayas, Klimeš (2008) found an over-representation of integrators in nutrient-poor habitats and with increasing altitude, although most relationships between clonal integration and environmental factors could be explained by inter-species phylogenetic relationships, which suggests that clonal integration is an evolutionary conservative trait. In this study, a phylogenetic independent analysis was not feasible because the units of analysis were plant assemblages, and not species. The relative importance of phylogeny and environmental filters may be therefore difficult to establish. However, our results at the level of plant assemblages show a gradual variation in the composition of splitters and integrators along a gradient of soil properties. This pattern could be interpreted as the result of environmental filters operating locally on the regional flora (Lavorel and Garnier 2002) and determining, under the prevailing abiotic conditions for growth, varying success of species with particular sets of traits associated with the capacity to exploit productive and unproductive habitats (Grime 2006) . This pattern, together with evidence about an adaptive trade-off between explorative and exploitive ramet placement (Thomas and Hay 2008) supports the idea of functional relationships between the forms of clonal reproduction and the physical environment.
Bud bank traits were also unevenly distributed among sites, and there was a pattern associated with the soil properties. Below-ground perennial bud banks were associated with nutrient poor substrate, and seasonal, above-ground bud banks were more represented in rich substrate sites. Several studies have addressed the question of bud banks in relation to responses of plants to disturbance (Benson et al. 2004; Klimešová and Klimeš 2007; Dalgleish and Hartnett 2009 ), but few have studied the relationships between bud banks and resource availability. In our study, it was not possible to assess whether bud bank densities varied with soil properties, but in agreement with patterns observed in other studies (Dalgleish and Hartnett 2006) , we hypothesized that the capacity to sprout determined by the number of buds would be larger under more favorable conditions for growth. We found no distinguishable patterns regarding bud numbers along the soil properties gradient. In contrast, there were differences in the position (in height and depth) of traits associated to longevity/dormancy functions of the bud bank. Sites with fine-textured soils had a predominance of seasonal, above-ground bud banks whereas perennial, belowground banks occurred primarily in sites with coarse-textured soils. Perennial bud banks are associated with small within-year fluctuations in the number of buds, which contrasts with the dynamics of seasonal bud banks where at times (usually after spring re-growth) the number of buds can decrease considerably, resulting in larger fluctuations and, potentially, in meristem limitation in some periods of the year in the rich sites. Recent reviews have stressed the need for integrated efforts in studying emerging properties of plant traits on lower hierarchical levels of the plant individual and their scaling up at higher organizational levels of the population, community and the entire ecosystem (Sammul et al. 2008 ). The analysis of clonal growth attributes at the scale of plant assemblages can make a contribution in this direction, because it is the relative composition and diversity (Wright et al. 2006 ) of traits associated with ecological functions that can be scaled up to predict ecosystem functions (Reich et al. 1992; Díaz and Cabido 2001; Garnier et al. 2007) .
The examination of the relationships among traits with different ecological function, and of how these relationships are distributed along environmental gradients can also provide further insight about plant concerted strategies that enable persistence under the various conditions for growth (McGill et al. 2006) . Grime et al. (1997) found that traits like root and shoot foraging were associated with foliar concentrations of N, P, K, Ca and Mg, the capacity for growth in productive conditions or the inability to sustain yield under limiting supplies of nutrients. However, despite the large body of empirical work conducted in the field of comparative ecology, both in the areas of clonality/vegetative reproduction and of plant traits related to resource acquisition and competitive ability (Jónsdóttir and Watson 1997; Bellingham and Sparrow 2000; Vesk and Westoby 2004) , these groups of traits determining fundamental strategies of plant in response to the environment have seldom been analyzed together with the aim of exploring common patterns of trait distributions, largely due to the time-consuming effort of collecting below-ground traits for many species (Weiher et al. 1999) , but see Wildová et al. (2007) and Goldberg et al. (2008) .
The three groups of clonal growth traits analyzed in the study, namely the type of clonal growth organ, the degree of lateral spread and integration between parent plant and offspring, and the properties of the bud bank corresponded closely with traits associated with resource acquisition rates, competitive ability and protection against physical damage. Grime et al. (1997) postulated the existence of a fundamental axis of specialization in plants along the resource availability gradient that results from a trade-off between attributes that confer species an advantage when resources are in high supply (resource acquisition strategies), and those that are beneficial for plant performance in chronically poor environments (resource retention strategies). Evidence from numerous empirical and observational studies (Keddy and Shipley 1989; Goldberg 1996; Westoby 1998; Westoby et al. 2002) support the association between plant height and the species competitive ability when resources are in high supply, and between leaf traits (e.g., leaf area and LDMC, and SLA -although in this case, less consistent) and the amount of resources available for plant growth (Kazakou et al. 2006; Rusch et al. 2009 ). The distribution of clonal attributes also appears to vary along the resource availability axis (van Groenendael et al. 1996; Klimeš et al. 1997; Dalgleish and Hartnett 2006) although the amount of evidence is considerably smaller. Our results show patterns of clonal growth traits in correspondence with soil properties. They also show that clonal traits that are linked to plant growth and to attributes related to the plant's carbon and nutrient economy (Jónsdóttir and Watson 1997) had a close association with leaf traits (LDMC and area) and plant height. These observations reinforce the hypotheses about trade-offs between acquisition and retention strategies in plants. However, and contrary to our hypothesis, we found no correspondence between SLA, a trait generally considered to be tightly associated to the resource acquisition-retention axis, and the distribution of the clonal growth traits assessed in the study (CGO, bud bank and integration). This could be due to the lack of association of SLA in this data set with soil properties. Rusch et al. (2009) found a lack of correspondence of SLA with soil fertility that could be attributed to difficulties to accurately assess leaf area when leaves are narrow or small (Cornelissen et al. 2003) ; or to the dependence of the SLA index on species-specific morphological attributes (Vile et al. 2005 ) that may have opposing effects (Cunningham et al. 1999 ) when calculating community aggregated traits. flora. Soil analyses were conducted by INRA, Toulouse, France. We thank the farmers of Hessdal grazing district, and the Fjellstyre i Sør-Trøndelag for allowing the use of the area; P. Skogaas for all forms of logistic support during the field work; C. Skarpe, E. Saetnan, E. Aarnes, and T. Flower-Ellis for assistance with data collection. JK was supported by the Grant Agency of the Czech Republic, grant GA526/07/0808 and grant AV 0Z60050516 from the Academy of Sciences of the Czech Republic. We thank Steinar Engen for fruitful discussion on linear regressions; and F de Bello and two anonymous referees for thoughtful comments that considerably helped to improve the paper.
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